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Abstract. A detailed abundance analysis of 2 giants of thend luminosity functions, indicating that they have comparable
metal-rich bulge globular cluster NGC 6553 was carried out usietallicity and age.
ing high resolutioréchelle spectra obtained at the ESO 3.6m One fundamental issue concerns the star formation
telescope. timescale in the bulge, the age of bulge stars, and its signa-
The temperature calibration of metal-rich cool giants neetige through elemental abundance ratios. A first answer to these
high quality photometric data. We have obtained JK photomefjuestions was given by Ortolani et al. (1995) where it was re-
at ESO and VI photometry with the Hubble Space Telescopealed that the bulge clusters NGC 6528 and NGC 6553 are
for NGC 6553. The main purpose of this analysis consists in thearly coeval to the halo clusters. The final value of the ages
determination of elemental abundance ratios for this key bulgil depends on the relation between absolute magnitude of
cluster, as a basis for the fundamental calibration of metal-ribbrizontal branch (HB) stars and metallicity.
populations. The present analysis provides a metallicity [Fe/H] In this work, we address the question of element abun-
= —0.55+0.2 which, combined to overabundances relative ttances, in particular the/Fe ratio in bulge globular clusters.
Fe of several elements, results in an overall metallicity Z;,. For Baade’s Window field stars McWilliam & Rich (1994, here-
after MR) have determined ratios [Mg/Fe]Ti/Fe] ~ +0.3 and
Key words: stars: abundances — Galaxy: globular clusters: ifEa/Fe]~ [Si/Fe]~ 0.0. From low-resolution spectra for 400
dividual: NGC 6553 Baade’s Window stars, Sadler et al. (1996) have found [Mg/Fe]
~ 0.3, whereas Idiart et al. (1996) obtained [Mg/ke}+0.45
from an integrated spectrum of Baade’s Window.
No determination of such abundances in metal-rich bulge
1. Introduction clustersis yetavailable. In Barbuy et &l. (1992) the giant member
The metal-rich bulge globular clusters are a keystone for g 11-17 was an_alysed, where [F_e/H’] —0.2 was ob_tame_d;
understanding of the formation of the Galactic bulge, which e abundance ratios had been derived due to limitations in S/N.

turn has consequences on the scenarios of galaxy formation. " this work we present detailed abundance analyses of 2
tars in NGC 6553 using high resoluti@chelle spectra ob-

Globular clusters in the Galactic bulge form a flattened sy%-, d at the ESO 3.6 | We also di his cl
tem, extending from the Galactic center to about 4.5 kpc frofgned at the -om telescope. We also discuss this cluster
the Sun (Barbuy et al. 1998). A study of abundance ratios a5 @ calibrator of the metglllcny scale 01_‘ globular clusters.
these clusters is very important for better understanding the for- In Sect. 2 the observations are described. In Sect. 3 the stellar

mation of the Galactic bulge. The interest in NGC 6553 resid grameters effective temperature, gravity, metallicity and abun-
on its location at d ~ 5.1kpc, therefore relatively close the ance ratios are derived. In Sect. 4 the results are discussed. In

sun, and at the same time it is representative of the GalacticCl: > conclusions are drawn.

bulge stellar population: (a) Bica et al. (1991) and Ortolani et

a_l. (‘_1995) showed th_at NGC_ 6553 and NGC 6528 present V&Jyqpcarvations

similar Colour-Magnitude Diagrams (CMDs), and NGC 6528

is located at d ~ 7.83 kpc in the Baade Window, very closdigh resolution observations of individual stars of NGC 6553,

to the Galactic center; (b) the stellar population of the Baalfieated atvig50 = 18"05™11%, §1959 = —25°55'06”, were ob-

Window is very similar to that of NGC 6553 and NGC 6528&ained at the 3.6m telescope of the European Southern Observa-

as shown by Ortolani et al. (1995) by comparing their CMD®ry — ESO. The Cassegraltchelle Spectrograph (CASPEC)

was used with a thinned and anti-reflection coated Tektronix

* Observations collected at the European Southern ObservatorfzCD of 512x512 pixels, of pixel size 27xgim (ESO # 32).

ESO, Chile The 31.6 gr/mm grating was used with the short camera and the
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Fig. 1. Typical spectrum of the star llI-3 (order 93) Fig. 2. V vs (V-l) Colour-Magnitude Diagram of NGC 6553 (HST

data), where the sample stars are identified.

wavelength region covered s\ 500-750 nm, at a resolution
of R ~ 20.000. The reductions were carried out with the roJable 1.Log observations
tines foréchelle spectra contained in the Midas package. This

procedure automatically finds the center of the orders, trackgfar ~ date UT  exp. vp™ v
them across the CCD chip and extracts them by summing over () km/s km/s

Caloraton by dentiying wio pirs of nes onthe rorium lamp 125 240693 530 115 73 708

. -3 " 6:50 1:15 55 511

image.
A typical spectrum is shown in Figl 1 for order 93 of the

giant member I11-3 and the log of observations is reported irable 2. Magnitudes of the program stars

Table 1, where radial velocities derived from several unblended

atomic linesinthe spectraare indicated. Amegn.4km/sor star v B % R [ v [ J K

heliocentric ¢! = 6.1 km/s is found, compatible with the value Hat. Dan Dan  Dan Dan HST HST IRAC IRAC

of —5km/s given in Zinn & West[{1984) or-12km/s given I3 1561 1759 1542 1368 13.18 1583 1341 1154 10.33

in Zinn (1985), and in very good agreement with the value dlf85 1532 17.38 15.13 13.31 12,73 1552 13.01 11.04 9.79

8.4 km/s measured by Rutledge et al._(1997a). A S/BD was

measured at order 88 for both stars.

In Fig.[2 is shown the V vs. (V-I) Colour-Magnitude Di-

agram of NGC 6553 using our data obtained with the Hubbi@ note the large offsets in the V magnitudes between Hartwick

Space Telescope (Ortolani efal. 1995) where the sample stard 494 =), Ortolani et al.[(1990) and Ortolani et al. (1995) val-

identified. The identification names given in Hartwigk (1975J€S- This clearly reveals the improvement of the photometry
are adopted along the text. in crowded fields, which occurred along the years from photo-

graphic, to ground-based CCD, and HST data. HST calibration

of V and | was tied to the Cousins system. The calibration of our
3. Stellar parameters old Danish data (Ortolani et al. 1990) showed an offset of about
0.28 mag, very probably due to crowding. A revised calibration
of the Ortolani et al.[(1990) data done with the more accurate
The crucial issue in the detailed analysis of these cool and metabwding compensation showed excellent agreement with the
rich giants is the determination of their effective temperaturesw HST data.
Tes. We obtained very high quality V and | colours using the A further step in the derivation of temperatures, is the red-
Hubble Space Telescope (HST) and J and K colours using ttening value adopted. In Guarnieri et al. (1998) we derived a
detector IRAC2 at the 2.2m telescope of ESO (Ortolani et ablour excess oE'(V — I) = 0.95 for NGC 6553. Assuming a
1995; Guarnieri et al. 1998). ratioE(V —1I)/E(B—V) = 1.33 (Dean et al_19/8) the result-

In Table 2 are given the magnitudes: V from Hartwiclng E(B — V) is 0.7. Assuming E(V-K)/E(B-V) = 2.744 and

(1975), BVR from Ortolani et al! (1990), VI from Ortolani etE(J-K)/E(B-V) = 0.527 (Rieke & Lebofsky 1985), the available
al. (1995) and JK from Guarnieri et al. (1998). It is interestingolours were dereddened. In Table 3 are given the observed and

3.1. Temperatures
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Table 3.Observed/dereddened colours Table 5. Metallicity of NGC 6553 given in the literature. References
to Table: 1Zinn|(1980); 2 Bica & Pastoriza (1983); 3 Cohen (1983);
star  B°-v"™) v-D¥ (VE-K) (J-K) 4 Zinn & West (1984); 5 Pilachowski (1984); 6 Webbink (1985); 7 Bica
& Alloin (1L986)); 8 Barbuy et al.[(1992); 9 Harris (1996); 10 Origlia et
-3 1.76 2.42 5.50 1.21

al. (1997); 11 Rutledge et al. (1997b) — the first value corresponds to

1.06 147 3.58 0.84 the Zinn & West |[(1984) scale and the second one to the Carretta &
-85 1.86 2,51 5.73 1.25 Gratton (1997) scale; 12 Carretta & Gratton (1997)
1.16 1.56 3.81 0.88

[M/H] reference  method
Table 4. Derived temperatures using relations by McWilliam (1990) . g4

) 1 integrated Q39 photometry

and Blackwell & Lynas-Gray (1994), and using Table 5 of Bessell et, 47 2 integrated DDO photometry
al. (1998) adopting [Fe/H] =-0.3 and log g = 1.0. ~0.46-0.33 3 high-res. spectroscopy

-0.29 4 integrated spectroscopy
star Ths_y TRy TV TPk T TP% T T¥ 0,70 5 high-res. spectroscopy
n-3 4637 4436 3933 4140 4278 4219 3936 3990 —0.41 6 compilation

-0.20 8 high-res. spectroscopy

—-0.25 9 compilation

. -0.33 10 CO integrated spectroscopy

dereddened colours. In order to derive temperatures we useg) 18_0.60 11 mid-res. spectroscopy of giants
several methods: —0.60 12 revised met. scale of g.clusters

() Infrared flux methodBased on absolute measurements of

stellar monochromatic fluxes in the infrared region for a sampigpe 6. stellar parameters adopted. The log g values in parenthesis
of 80 solar metallicity stars, Blackwell & Lynas-Gray (1994}e the corrected values taking into account overionisation effects.
established the relation T(V-K) = 8862—-2583(V-K)-353.1(V-

K)2. star Teg Mpo logg (Fe/H]  vi(km/s)

(i) Relations by McWilliam[(1990): Based on a sample of 67,3 4000 —0.935 1.44 (0.8)—0.6+0.2 1.3

giants of about solar metallicity McWilliam_(19904terived .5 4000 —1.245 1.26 (0.7)—0.5£0.2 1.3

the relations between the (B-V), (V-K), (V-1) and (J-K) colours
and effective temperatures. The resulting temperatures obtained
with the use of relations (i) and (ii) are given in Table 4; it ha\%l
to be noted however that in both cases (McWilliam_1990
Blackwell & Lynas-Gray 1994) the samples on which the
lations are based did not contain a significant number of stars

with effective temperatures around 4000 K and below, so th&8. Metallicity
such relations should be valid only foeff > 4000K, at the
edge of validity for our sample stars.

jth these gravities was checked by verifying if the curves-of-
?g;_ owth of Fel and Fell give the same Fe abundance.

For comparison purposes, in Table 5 are given the metallicity
values reported in the literature for NGC 6553, together with
(iii) tables by Bessell et al {1998)hese calibrations based orindication of the method employed in each case. Notice the
NMARCS models of Plez (1995, unpublished) were obtainegread in the metallicities reported, which we believe can be
by linear interpolation in their Table 5; these temperatures asgplained by a combination of overabundancea-@lements,
also reported in Table 4. to a moderate metallicity as deduced from Fe lines (Sect. 5).

We have adoptedélf = 4000K for the 2 sample stars, based
essentially on the calibrations by Bessell etal. (1998) (Table 4)3.1. Model atmospheres

We have adopted the photospheric models for giants of Plez et
al. (1992) and their extended grid kindly made available to us

The classical relatiolog g, = 4.44+4log T, /T +0.4(Mp, — PY B. Plez (1997, private communication).

4.74)+1og M, /M was used (adoptingd=5770K, M, =0.8

Mg and M,,1 =4.74 cf. Bessell et&l. 1998). ForderivingM.  3.3.2. Oscillator strengths

we adopted M (HB) = 1.06 (following Buonanno et &l. 1989), )

V(HB) = 16.92 and E(B-V) = 0.7 (Guarnieri et al. 1998) and/Ve have used two sets of oscillator strengths gfs:

bolometric magnitude corrections BG= —0.90 cf. Bessell et (i) Along the years we have fitted line-by-line the solar spectrum,
al. (1998); the resulting M, values are given in Table 6. Dueby comparing synthetic spectra computed with the Holweger &
to an overionisation effect, as discussed in Pilachowski et ®iiller (1974) semi-empirical solar model to the observed solar
(1983), a corrected value for log g, lower by 0.6 dex is adoptegectrum atthe center of the solar disk Delbouille etal. (1973), in
(values in parenthesis in Table 6). The ionisation equilibriuthe wavelength range\ 4000-870Gk (see for example Castro

3.2. Gravities
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Fig. 4.111-3: Mgl A 6765.45QA line. Dashed line: observed spectrum;

Fig. 3.Curve-of-growth of Fel for the star l1I-3, using stellar parametersy|id lines: synthetic spectra computed with [Mg/Fe] = 0.0, +0.4 and
(Ter, log g, [Fe/H], v) = (4000, 1.0--0.6, 1.3), and adopting oscillator . g

strengths by Wiese et al.

measured using IRAF, and the code RENOIR by M. Spite was

et al.[1995). This work has been carried out with the intent anployed for p!otting th? cu_rves of grqwth. The Fel curve of
applying spectrum synthesis to large wavelength regions (eg. owth for 111-3 is ShS’W” in Fig.B. The fma}l stellar pgr.ameters
Barbuy[1994), in which case gfs for all lines are needed: opted are shown in Table 6. The resulting metallicity for the

emphasize that there is no complete list of accurate laborat§lySter IS [Fe/H] =—0.55£0.2. The difference with respect to
gf values. Barbuy et al.[(1992) where [Fe/H] =0.2 was derived for the

3 . ) . star 111-17 can be explained by the main reason that no equiv-
(ify Laboratory oscillator strengths available in Fuhr et alont igths of Fel had been measured, and only overall fits of
(1988), Martin et al.[(1988) and Wiese et al. (1969) and COMRiyihetic spectra, using the gf's (i) (Sect. 3.3.2) in a region with
lations of laboratory gf values by MR. many blends XA 5000-600®\) were carried out. That proce-

For the curves of growth only the laboratory (i) gfs wery, e \vas adopted in view of the low S/N of the spectrum, which
used, since they are more homogeneous, showing less Spreaghaq to convolve further reducing the resolution.
For the spectrum synthesis calculations the laboratory (ii) gfs

are used where available, and our fitted gfs (i) are employed for .
the remaining lines. 3.3.5. Abundance ratios

In Table 7 are reported the lines used, together with oscillator
3.3.3. Continuum definition strengths, and the abundance ratios found line-by-line.

The calculations of synthetic spectra were carried out using

The equivalent widths have been measured using the detectghle.qe described in Barbuy (1982) where molecular lines of
pseudo-continuum, as illustrated in F1jy. 1. This procedure WAR| A2I1-X2Y, C, ASTI-X311 and TiO B d-X3A ~ system are
adopted in order to minimize uncertainties in the equivalepfyan into acéount.

width measurements, from one order to another, due to a NON- Apundance ratios were derived by computing synthetic

homogeneous placement of the continuum. On the other haggacira line-by-line. For this we have adopted laboratory gf-
when overplotting the theoretical curve-of-growth on the ol 65 (sect. 3.3.2) for the lines studied. By the use of an homo-
served points, we considered the upper metallicity envelopg,,oqs set of oscillator strengths, the abundance ratios present
as shown in Fid.J3. The metallicities so derived are reportggry low uncertainties.

in Table 6. Such metallicity values were then tested through di- |, Figs. 4to 10 are shown fits of synthetic to observed spectra
rect comparison of synthetic to the observed spectra, confirmiad < o me of the lines indicated in Table 7.

these values. We note that curves-of-growth computed with T |, 1apje 8 are given the final mean values of the abundance
= 4250K give a metallicity of +0.2 dex relative to the valueg,jog.
obtained with Tg = 4000 K.

4. Discussion
3.3.4. Curves-of-growth
- . ) The main results for the two stars (111-3 and 11-85) that we have
The metallicities were derived by plotting curves of growth ofnajysed can be summarized as follows:

Fel, where the equivalent widths of a selected list of lines were



B. Barbuy et al.: Analysis of individual stars in NGC 6553 543

Table 7.Line by line abundance ratios. Oscillator strengths values refer to ‘fit’ = our fitting to the solar spectrum (Sect. 3.3.2); ‘MR’ — McWilliam
& Rich[1994; ‘W’ = Wiese et al. 1969, Fuhr et al. 1988 and Martin et al. 1988

species A (A) Yex loggffit loggfMF loggf™ [X/Fe] [X/Fe]
I -3 -85

[Fe/H] -0.6 -05

Nal 6154.230 2.10 —1.550 —-1.570 —1.560 +0.6 +0.6

Nal 6160.753 2.10 —1.250 —1.270 —1.261 +0.8 +0.6

Mal 6319.242 511 —2.200 —2.215 - +0.4 +0.2

Mgl 6765.450 5.75 —1.950 —1.940 - +0.5 -

Mgl 7387.700 5.75 —1.146 —0.870 - +0.5 +0.2

All 6696.032 3.14 —1.610 —1.481 —1.343 +0.6 +0.4

All 6698.669 3.14 —1.900 —-1.782 —1.650 +0.6 +0.4

Sil 6237.328 5.61 —2.160 —1.010 - +0.4 +0.3

Sil 6721.844 5.86 —1.230 —-1.169 —0.940 +0.4 +0.4

Sil 7405.790 5.61 —0.630 —0.660 - +0.4 +0.2

Cal 6156.030 2.52 —2.690 - —2.200 +0.5 +0.4

Cal 6166.440 2.52 —0.980 —1.142 —0.900 +0.4 0.0

Cal 6169.044 2.52 —0.500 —-0.797 —0.550 +0.4 +0.1

Cal 6169.564 2.52 —0.180 —0.478 —0.270 +0.4 +0.2

Cal 6455.605 2.52 —1.280 —1.290 —1.350 +0.4 -

Cal 6508.846 2.52 —2.570 —2.500 —2.110 +0.4 0.0

Cal 6717.687 2.71 —0.250 - —0.610 +0.6 +0.4

Til 6303.767 1.44 —1.700 —1.566 —1.566 +0.6 +0.6

Til 6336.113 1.44 —1.840 —1.743 —1.743 +0.6 +0.4

Til 6508.154 1.43 —3.000 —2.050 - - +0.4

Til 6554.238 1.44 —1.360 —1.218 —1.218 +0.6 +0.4

Til 6556.077 1.46 —1.200 —-1.074 —-1.074 +0.6 +0.4

Til 6743.127 0.90 —1.700 —1.630 —1.630 +0.6 +0.2

Til 6861.500 2.27 —0.740 —0.740 —0.740 - +0.2

Til 7209.468 1.46 —0.330 —0.500 —0.500 > +0.6 +0.6

Til 7216.190 1.44 —1.160 —1.150 —1.150 > +0.6 +0.6

Till 6559.576 2.05 —3.360 —2.480 - +0.6 +0.1

Till 7214.741 2.59 —1.900 —1.740 —1.740 +0.2 +0.1

YI 6435.049 0.070 —-0.760 —0.820 - +0.4 0.0

Yl 6795.410 1.73 —1.250 —1.250 - +0.3 0.0

Yl 7450.320 1.75 —1.530 —0.780 - 0.0 0.0

Zrl 6762.398 0.00 —1.300 —1.180 - -0.4 -0.4

Ball 6141.727 0.70 —-0.077 -0.077 - 0.0 —-0.4

Ball 6496.908 0.60 —0.377 —-0.377 - +0.4 -04

Lall 6390.480 0.32 —1.520 —1.520 - +0.4 0.0

Lall 6774.260 0.13 —1.810 —-1.810 - 0.0 +0.1

Eull 6645.127 1.38 —0.097 +0.204 - 0.0 0.0
1. Ironis a factor~ 3.5 subsolar. generally interpreted as evidencefa$t chemical enrichment.
2. Thea-elements Mg, Si, Ca, Ti are enhanced relative to irddnder such circumstances stars form out of an ISM that was en-

by ~ 0.35 dex. riched predominantly by short lived massive stars exploding as
3. The odd-Z elements Na and Al that are built during carb@Ns of Type Il, before the explosion of most SNs of Type la be-
burning are enhanced. longing to the same generation(s). This interpretation applies to

4. The s-process elements Y, Zr, Ba, La do not show a syise well knowna-element overabundance in the galactic Halo,
tematic trend, some appear to be enhanced, some depleedell as to a possible overabundance in elliptical galaxies (e.g.
compared to iron. Davies et al._1993).

5. The r-process element Eu is solar compared to iron. Models of bulge formation in which much of the stellar build

up is completed in a time shorter than the assumed time for the
This general pattern is consistent with the one exhibited bylk of SNla products to be released naturally produce-an
inner halo globular clusters of comparable metallicity, see egjement enhancement (e.g. Matteucci & Brocato 1990). Besides

Table 1 in Wheeler, Sneden, Truran (1989) for [FefH}0.8 depending on the theoretical SN yields, the detailed abundance

clusters. An overabundance®felements relative to iron is now pattern predicted by these models is mainly controlled by the
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N
6743

Fig.5. 11I-3: Cal X\ 6166.440, 6169.044, 6169.584lines. Dashed — T T
line: observed spectrum; solid lines: synthetic spectra computed with
[Ca/Fe] = 0.0, +0.4 and +0.6. s

Table 8.Final mean abundance ratios

-3 III-3 II1-8 1II-85

0.9

speciesno. lines [X/Fe] no. lines [X/Fe] Mean

Nal 2 +0.7 2 +0.6 +0.65

Mgl 3 +0.45 2 +0.2 +0.33

Al 2 +0.6 2 +0.4  +0.50 o

Sil 3 +0.4 3 +0.3 +0.35 °

Cal 7 +0.44 6 +0.2 +0.32

TiL 7 +06 9 +0.42  +0.50 o

T2 0.4 2 +0.1  +0.25 6559 6559.2 6559.4 6550.6 6559.8 6560

Y L *04 1 0.0 +0.20 Till-6559.576 1113:0.6,0.4,0.0

Yil 2 +0.15 2 0.0 +0.07 ' e

Zrl 1 -04 1 -04 -0.40 Fig.6a and b.1I1-3: a Til A 6743.127 line. Dashed line: observed
Ball 2 02 2 -04 -0.10 spectrum; solid lines: synthetic spectra computed with [Ti/Fe] = 0.0,
Lall 2 +02 2 +0.05 +0.13 +0.4 and +0.6b Till A 6559.576A line. Same as .

Eull 1 0.0 1 0.0 0.0

bulge material out of which NGC 6553 formed having failed to

ratio of the two relevant timescales: the star formation timesc&perience enrichment by long lived stars.
and the timescale for the bulk (e.g. 50%) of the SNla products to Allin all, we can notice that the elemental abundances in the
be released. Fitting to an observed set of elemental abundarié@sprogram stars favor a scenario in which the galactic bulge
allows to recover this ratio, i.e. the star formation timescale igderwentarapid chemical enrichment, as indeed indicated also
derived modulo the SNla timescale. While this latter timescd® the old age of NGC 6553, and by the small age dispersion of
is generally considered to be of the order of 1 Gyr, it is wortbulge stars as inferred from their luminosity function (Ortolani
recalling that no firm theoretical or observational limit exists o@t al.. 1995).
this quantity (e.g. Gregglo 1996).

The situation is more confused as far as the s-process ‘gebonclusions
ments are concerned. First of all, none of the elements for which
we have obtained the abundance is a pure s-process eleméfthave determined a metallicity of [Fe/H]=0.55+0.2 for
but some r-process contribution is also present. Second, sd#&C 6553, together with an overabundancevedlements, as
s-processing takes place in massive stars (Raiteri ef"all 1998l as of Na and Al, in the range +03 [X/Fe] < +0.6 (Ta-
as well as in relatively short lived and long lived intermediatiele 8). Using the overabundances given in Table 8, and assum-
mass stars (Gallino et al. 1998). In any event, when referrimyg [O/Fe] = [S/Fe] = [Ne/Fe] = +0.4 (as we would expect
to a-elements the s-process elements are underabundant Witin the overabundances obtained for the othexlements),
respect to the sun, i.e. {g/ < 0, which also argues for the we obtain an overall content in heavy elemeritg ¢ 0.014, or
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spectrum; solid lines: synthetic spectra computed with [Al/Fe] = 0.6¢lid lines: synthetic spectra computed with [Y/Fe}<9.4, 0.0 and
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Fig. 8.11-85: Til X\ 6554.238, 6556.07K lines. Dashed line: observed I B B A
spectrum; solid lines: synthetic spectra computed with [Ti/Fe] = 0.0,
+0.4 and +0.6.

[2/Z 5] = —0.08, which is almost solar. This is likely to explaing
why integrated observations tend to give a higher metallicity
to NGC 6553, relative to high-resolution observations of Fel |
lines. As a reference for the metallicity scale of globular clus-
ters, let us point out that [Z{Z] = —0.32 for 47 Tuc (Brown o |
et al[1990; Brown & Wallerstein 1992). The formal differenc€
is only ~ 0.24 dex, and yet the red giant branch of NGC 6553
climbs only~ 1 magnitude inl” above the horizontal branch,

while in 47 Tuc it climbs more than two magnitudes above the

horizontal branch (Ortolani et al. 1995). This indicates that the9e T 64965 6497
TiO blanketing in thel” band is much stronger in NGC 6553 Ball — 6496 1185:—0.4.0.4.0.0

red giants compared to 47 Tuc. At least in part, such a very h:é{g]j. 10a and blI-85: a Ball A 6141.727A line. Dashed line: observed
S

sensitivity is likely to be due to both Ti and O being enhance
in NGC 6553, with the abundance of the TiO molecule bei
proportional to the product of the two abundances.

ectrum; solid lines: synthetic spectra computed with [Ba/Fed4,
70 and +0.4b Ball A 6496.91A line. Same as i@
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The abundance ratios in the program stars indicate that théarnieri M.D., Ortolani S., Montegriffo P., et al., A&A 331, 70
chemical enrichment of the gas from which the bulge clustéuhr J.R., Martin G.A., Wiese W.L., 1988, Atomic Transition Prob-
NGC 6553 formed was dominated by Type Il SNs, with lit- abilities: Iron through Nickel, Journal of Physical and Chemical
tle contamination from long lived stars such as the precursors Reference Data vol. 17, suppl. no. 4
of Type la SNs. Therefore, these findings favour a scenario@g!n0 R, etal,, 1998, ApJ 497, 388 _
which the bulge underwent rapid star formation and chemicgfeggio L., 1996, In: Kunth D, etal. (eds.) Inter_play Between Massive

. . . . Star Formation, the ISM and Galaxy Evolution, Edition frontieres,
enrichment, as also indicated by the colour magnitude d|agramsGyf sur Yvette, p. 89
and_lummosny fupctlons of bulge globulars and bulge field popy, is W.E.. 1996 AJ 112 1487
ulations (Ortolani et al. 1995). Hartwick F.D.A., 1975, PASP 87, 77

Together with the evidence for old stellar populations befolweger H., Miller E., 1974, Solar Phys. 39, 19
ing dominant in galactic spheroids (ellipticals and bulges), tiart T., Freitas Pacheco J.A., Costa R.D.D., 1996, AJ 111, 1169
evidence presented in this paper lends further support to the Mastin G.A., Fuhr J.R., Wiese W.L., 1988, Atomic Transition Prob-
tion of a much higher star formation rate in the early universe abilities: Scandium through Manganese, Journal of Physical and

(z > 3) compared to the present-day universe (Renzini1998). Chemical Reference Data vol. 17, suppl. no. 3
Matteucci F., Brocato E., 1990, ApJ 365, 539
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